Summary. Hamster Introduction.
the caput epididymidis by adding cyclic 3'-5' adenosine monophosphate (cAMP) phosphodiesterase inhibitors (caffeine, theophylline, IMX) and epididymal plasma. The best stimulation was initiated by 15 mM caffeine with 10 p. 100 of cauda epididymal plasma ; a mean of 60 p,100 of forward motility was obtained wich lasted for one hour and then ceased. Cinematographic studies revealed that some induced sperm movements differed from the equivalent natural ones by the amplitude of the head movements. It is shown that during epididymal transit of hamster spermatozoa, the induction of forward motility requires not only an increased cAMP level but also factors from the cauda epididymal plasma. The idea that glycoprotein of epididymal origin initiates forward motility is discussed.
Introduction.
Mammalian spermatozoa acquire the ability to move forward and to fertilize during epididymal maturation. This fertilizing ability is achieved through maturation in the epididymis and capacitation in the female genital tract, but the mechanism of spermatozoon motility induction is still unknown.
Recent biochemical studies, mainly in the bovine epididymis, have shown that the development of motility form the caput to the cauda epididymidis could involve several simultaneous processes .
In the first process, the intrasperm level of cyclic AMP increases during epididymal transit. The concentration of cyclic AMP phosphodiesterase, which degrades the active AMP 3'-5' into inactive 5', is higher in spermatozoa from the caput epididymidis than in those from the cauda (Stephens, Wang and Hoskins, 1979) . The decline of this enzyme activity during epididymal transit increases ATPase activity, and is supposed to be the essential cellular factor inducing sperm motility (Garbers et al., 1971 ; Hoskins, Stephens and Hall, 1974 ; Cascieri, Amann and Hammerstedt, 1976) .
In the second process, a specific glycoprotein, which may induce forward movement, could bind to the spermatozoa. This glycoprotein seems to be present in the testicular, epididymal and seminal fluids (Hoskins, Hall and Munsterman, 1975 ; Acott et al., 1979) . Several ultrastructural investigations have noted an increase in the negative surface charge and in concanavalin-A receptors on the surface of the plasma membrane of spermatozoa passing through the epididymis in the rabbit Bartoszewicz, 1974, 1975 ; F16chon, 1975) and in the rat (Fournier-Delpech, Danzo and Orgebin-Crist, 1977) . These studies could be related to the initiation of forward motility. However, recent ultrastructural data on the rabbit (Nicolson et al., 1977) and the ram (Courtens et Fournier-Delpech, 1979) (fig. 1) .
The caffeine assays are shown in figure 2. The best activation was obtained at a concentration of 15 mM (up to 60 p. 100 motility). Lower concentrations (12 to 3 mM) showed gradually decreasing activity response ; in most cases, no activity was observed below 3 mM. Activity response occurred 3 min after the beginning of incubation ; peak activity was noted 20 min later and lasted 1 hr.
The optimal concentration of 3-isobuthyl-l-methyi-xanthine (IMX) was 7 mM. Stimulation was not observed before 10 min of incubation ; peak activity occurred around 25 min and decreased rapidly after 30 min of incubation ( fig. 3) Earlier studies in many species have reported similar observations (for review see Gaddum, 1968) . The potential for forward motility occurs as the spermatozoa pass through the epididymis, and the capacity for forward movement is acquired in different regions of that organ, depending on the species studied.
Hamster spermatozoa from the caput epididymidis display a motility similar to that of the capacitated spermatozoa described by Yanagimachi (1970 fig. 2 ). These data suggest that during epididymal maturation, the membrane of the spermatozoon tail acquires new properties which may play a role in initiating the forward movement. Capacitation may mean a loss of these properties, which could explain the modifications in the motility pattern in the female genital tract.
The best induction of motility in caput epididymidis spermatozoa was obtained with caffeine. As compared to the other two phosphodiesterase inhibitors, caffeine stimulated vigorous motility over a longer period of time. Its initiation required a higher concentration than the one needed to stimulate cauda epididymis spermatozoa (Morton and Chang, 1973 ; Paz et al., 1978 ; Fraser, 1979) .
Epididymal plasma must be added to phosphodiesterase inhibitors in order to initiate forward progression. This study confirms the report and supports the idea that forward motility is initiated by a substance of epididymal origin.
Although phase-contrast microscopy showed caffeine stimulation and epididymal plasma to be satisfactory, the cinematographic study revealed that some induced sperm movements differed from the equivalent natural ones by the amplitude of the head movements. The initiated spermatozoa were able to move forward. The high concentration of caffeine necessary to stimulate them could induce this jerky movement, which might also partly result from the exhaustion of a great number of spermatozoa after one hour of incubation.
In conclusion, this study shows that the initiation of forward motility in immature hamster spermatozoa requires both cANIP phosphodiesterase inhibitors and epididymal plasma. 
